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INTRODUCTION
Information concerning the effect of a tree’s 
accelerated rate of growth upon the morphological and phys­
ical characteristics of wood is needed. Man, by influencing 
the forest environment, can cause increases in a tree’s 
growth rate. However, he is not certain that the acceler­
ated growth rate produces optimum wood qualities.
The time required for sufficient wood to be produced 
for physical and morphological analysis before and after 
the time of accelerated growth rate is a major difficulty; 
this is particularly true if information is desired con­
cerning this effect on mature, or nearly mature, trees.
The timber stand selected for this study was very desirable 
because growth had accrued for a number of years before and 
after the time of accelerated growth rate and all trees were 
relatively old at the time of increased growth rate.
The study was conducted on a stand of ponderosa pine 
(Pinus ponderosa, Lawson) on the Lubrecht Experimental 
Forest. The history of the stand is mostly unrecorded; 
however, some idea of the past can be gained by studying 
the record left by the trees themselves. The stand origi­
nated naturally about the middle of the 18th century.
Annual rings of the sample trees reveal that the oldest 
was 255 years, the youngest was 114 (Appendix, Table 1),
The history of land ownership goes back to 1864
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when, through government land grant, the Northern Pacific 
Railroad acquired every odd numbered section along its right 
of way. In 1898 the Anaconda Copper Mining Company bought 
these odd numbered sections from the railroad. Then in 
1937» after the timber on the area had been cut, the Ana­
conda Company donated 19,038 acres to Montana State Univer­
sity for the purpose of establishing an experimental forest.
The time of cutting for the stand under study was 
1933- The cutting method was a selection cut which appears 
to have removed mostly dominant trees. Therefore, the 
remaining timber stand is composed of trees which apparently 
were in the intermediate and co-dominant crown classes.
These remaining trees responded with marked increases in 
radial growth rate after the 1933 cutting.
The objectives of this study were to determine if 
there is a change in specific gravity with an increase in 
radial growth rate in old age ponderosa pine; to correlate 
changes in the tree's radial growth rate, per cent compres­
sion wood, and per cent summerwood with the physical changes 
in the surrounding area (basal area removed); and to draw 
possible management implications concerning quality and 
release•
In the study the variables of suppression before the 
1933 harvest cut and intensity of the cut were examined 
while those of site, geographic location, and species were 
held constant. The effect of age within a tree was not 
studied but the variation of age between sample trees was
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considered. The judgment of quality was made by measuring 
specific gravity, summerwood per cent, compression wood per 
cent, and growth rate at breast height of each sample tree*
The following are definitions of specific gravity, 
per cent summerwood, and compression wood as used in this 
study. Specific gravity refers to the ratio of the oven dry 
weight of a given wood sample to that of an equal volume 
(green volume) of water. Since most woods are lighter than 
water and thus float, their specific gravities are less 
than one.
Coniferous trees growing in the temperate-zone have 
the characteristic of growing more rapidly in the initial 
part of the growing season. The growth formed in the spring 
is made up of wood with large, thin-walled cells which are 
light in color and low in specific gravity. This part of 
the growth ring is called early wood or springwood. The 
growth occurring later in the growing season or during the 
summer consists of wood with small thick-walled cells which 
account for a darker color and a higher specific gravity. 
This part of the ring is called late wood or summerwood.
Per cent summerwood is a decimal ratio of summerwood to 
total growth converted to a per cent.
In trees which exhibit eccentric ring growth in 
their cross section, the wood on the side showing greater 
growth usually does not conform in structural pattern or 
physical behavior with the wood characteristics of the 
adjoining wood not showing eccentric growth. This wood is
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called reaction wood; the reaction wood of gymnosperms is 
called compression wood. The reason for this is that com­
pression wood forms on the underside, or compression side, 
of a leaning tree or protruding branch. The growth formed 
on this side is made up of thick-walled cells which do not 
exhibit abrupt springwood-summerwood transition. The wood 
is higher in specific gravity and darker in color, but is 
distinct from the dark color of normal summerwood.
LITERATURE REVIEW
Specific Gravity as a Measure of Quality
In the past, wood quality mainly designated lumber 
grades but today it often does not have definitive meaning 
with respect to lumber characteristics (Paul, 1959)•
Quality can now be based on more specific factors in rela­
tion to the chemical and physical characteristics of the 
wood. A high or low quality judgment cannot be made until 
the product and use for which the wood is intended is known 
(Mitchell, 1961).
Specific gravity is a good indicator of many of the 
properties desired for structural and paper products. The 
specific gravity of wood, because it is a measure of the 
proportional amount of cell wall material, is the best 
existing index for predicting strength properties of wood 
(Panshin, et al., 1964). Many studies have supported the 
correlation between specific gravity and strength (Newlin 
and Wilson, 1917> 1919; Schrader, 1942; Alexander, 1949; 
Hughes, 1949; Wangaard and Zumwalt, 1949; McKimmy, 1959; 
Paul, 1959, 1965).
Sunley (1965) explained that specific gravity is 
closely related to strength properties in clear wood but if 
knots or other defects are present, these will be the 
strength determining factors. The presence of extractives 
and compression wood may also result in false assumptions.
—5—
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Specific gravity of wood is higher when extractives and 
compression wood are present but there is no corresponding 
increase in strength properties (Pillow, 1957; Low, 1964; 
Thor, 1964).
To get the best results in machining, the selection 
of a suitable grade and species does not appear to be 
enough. A reasonable amount of uniformity in grain, tex­
ture, and specific gravity is also desirable. In planing, 
turning, boring, and mortising the higher the specific 
gravity, the more smoothly wood tends to cut. Considera­
tion of this point is particularly important when dealing 
with species which do not have the best machining proper­
ties to begin with (Davis, 1959)• After a series of tests, 
Davis (I960) observed that the specific gravity of a sample 
of ponderosa pine affects its machining to a high degree 
for its more exacting uses; however, no statistical analysis 
was run•
Pulp yield per unit volume of wood is directly 
related to the specific gravity of wood. Wood with higher 
specific gravity produces a greater volume of pulp because 
of its higher percentage of cell wall substance (Joranson, 
I960; Howe, 1961, Tsoumis, 1964). This analogy is con­
founded if extractives are present. Paper made from more 
dense wood exhibits much greater tearing strength. This 
paper is ideal for uses requiring strength; however, it is 
undesirable for quality paper. In this latter instance, a 
lower specific gravity is more desirable (Curran, 1936;
_7-
Larson, 1957)• Pulp industries must therefore be very 
conscious of wood specific gravity whether it be when grow­
ing or buying timber.
Specific Gravity Variation
The inability to measure quantitatively and accu­
rately site quality^ the lack of full understanding con­
cerning tree growth-environment relationships, and the 
incomplete knowledge of tree anatomy presents a situation 
that has produced variation among the specific gravity 
findings reported by researchers. Several of the attempts 
to clarify this situation that have been made concerning 
the relationship of specific gravity to summerwood, growth 
rate, age, environmental factors, and position in the tree 
are given in the following discussion.
Summerwood. While working in Douglas-fir (Pseudotsuga 
taxifolia. Britton), Smith (1956) found a definite relation­
ship between specific gravity and summerwood percentage. A 
multiple regression analysis found that the variables of 
summerwood percentage and the specific gravity of spring- 
wood and summerwood accounted for 96.90 per cent of the 
variation in specific gravity. Schafer (194-9) and Chidester 
(1954-) attributed about 72 per cent (significant at .05 per 
cent level) of variation in specific gravity to summerwood. 
This is also supported by the work of Paul (1950), Pillow 
(1952, 1954-), Smith (1955, 1956), and McKimmy (1959),
—8 —
Cline and Knapp (1911)♦ while working in Douglas-fir, 
found that there were increases in strength that corresponded 
to summerwood percentage but none of the relationships fol­
lowed a straight line. Rochester (1933)» by using curves, 
showed that within a species the trees having the greatest 
summerwood per cent had the greatest strength. However, 
Berkley (193^) found that per cent summerwood was not an 
accurate measurement of strength in southern pines.
Growth rate. The effect of changes in growth rate 
on specific gravity is one which has been tested and dis­
cussed with varying results and opinions. The position 
often taken is that the acceleration of growth does not 
affect specific gravity of diffuse-porous hardwoods, 
increases that of ring-porous hardwoods, and decreases that 
of softwoods (Hawley and Smith, 193^). The point taken to 
issue in this discussion is the effect of accelerated radial 
growth rate on specific gravity in coniferous species.
Hale and Prince (19^0) found that wood from fast 
growing spruce and balsam fir (Abies balsamea, Miller) 
exhibited lower density than wood from trees which were 
growing more slowly. However, the faster growing tree pro­
duced more total weight per unit of basal area of the stem. 
Wellwood (i960) also found a significant decrease in 
specific gravity when growth rate increased. The effect of 
position in the tree, crown class, site index, and per cent 
summerwood on specific gravity was also studied; position
-9“
in the tree and site index were found significant.
Larson (1957) believed that the effect of growth 
rate on specific gravity and per cent summerwood could be 
ignored in slash pine (Pinus elliottii, Engelmann) and 
attributed most of the variation to age. McKimmy (1959), 
while studying young-growth Douglas-fir$ found that a con­
stant rate of growth with different summerwood amounts pro­
duced more variation in specific gravity than did different 
growth rates at constant per cent summerwood. The combined 
effect of summerwood percentage and growth rate was more 
evident with increased tree height. He concluded that the 
effect of these two factors was highly significant in cer­
tain decades but at no time was it sufficient to permit a 
reliable prediction of specific gravity.
Wellwood and Smith (1962) presented a summary of 
investigations on specific gravity from young Douglas-fir 
and western hemlock (Tsuga heterophylla, Sargent) that grew 
in forests of the University of British Columbia. They 
found that specific gravity decreased moderately, but at a 
statistically significant rate, with an increase in growth 
rate •
Thinning in a densely stocked red pine (Pinus 
resinosa. Aiton) plantation resulted in increased growth 
rate and little difference in specific gravity when com­
pared to an unthinned control plot (Paul, 1957b). Three 
thinnings were applied at five and six year intervals 
respectively. The age of the trees at the time of the
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first thinning was 30 years. The specific gravity of the 
thinned plot and the control plot were quite similar; how­
ever, the wood formed subsequent to the second and third 
thinnings averaged slightly higher than those of the control 
plot (not tested statistically).
Paul (1958) working with longleaf (Pinus palustris, 
Miller), shortleaf (Pinus echinata. Miller), and loblolly 
(Pinus taeda, Linneaus) pines on several locations from 
Virginia to Texas found that growth rate affected specific 
gravity. Eighty to 100 year old longleaf pine in Walton 
County, Florida showed a marked increase in radial growth 
rate (4$ to 12.5 rings per inch) and specific gravity 
(6 per cent) after release. This occurred in a stand where 
the dominant trees had been logged. In Jasper County,
Texas, longleaf pine 125 to 200 years of age, which was 
left after the dominant growth was logged, increased in 
growth rate 80 per cent (45 to 14 rings per inch) and 
specific gravity (8.1 per cent) over a 25-year period. 
Similar studies by Paul in Louisiana concerning longleaf 
pine and in North Carolina concerning shortleaf pine gave 
less conclusive results. In the Virginia study four out of 
seven trees increased in specific gravity while the remain­
ing three decreased when subjected to release. In North 
Carolina, only one out of five released trees increased in 
specific gravity. Some trees initially increased but then 
decreased in specific gravity after a short period. Paul 
also noted that even though the trees produced wood of a
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higher specific gravity after release ̂ it sometimes was not 
higher than wood produced earlier at the same height.
Ponderosa pine which was 200 to 500 years old 
increased in growth from an average of 50 to 60 rings per 
inch to an average of 15 rings per inch. This increase in 
growth $ however, resulted in only a small decrease in 
specific gravity. Also, an increase in specific gravity 
after growth rate increase was found in some individual 
trees. These inconsistencies were thought to have perhaps 
resulted from the effects of compression wood (Paul and 
Meagher, 1956).
Age appears to be a contributing factor in 
regulating the specific gravity of radial growth in a tree. 
Work by Paul (1959), Wakefield (1957), Wheeler and Mitchell 
(1962), and Panshin et (1964) supported the relationship
of a decreasing annual specific gravity during juvenile 
growth (5-15 years), then an annual increase for about the 
next 100 years at which time specific gravity remains con­
stant or perhaps declines. However, there has been some 
controversy as to whether this increase was due to age, 
growth rate, a combination of the two, or neither of the 
two.
Turnbull (1957, 1946, 1947)^ has been a primary 
advocate of age-specific gravity relationship. While
^Larson, 1957*
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working in South Africa on wide spaced, plantation-grown 
loblolly, cluster (Pinus pinaster, Aiton), and Monterey 
pines (Pinus radiata, Don), he presented curves which 
showed that the specific gravity of wood formed in a par­
ticular year was not determined by growth rate but was a 
function of age. Specific gravity continued to increase as 
distance from the pith increased regardless of the ring 
width.
Larson (1957) found that summerwood percentage was 
significantly correlated (r = .5995) with specific gravity 
and age was the predominant factor in influencing per cent 
summerwood. When ring width was divided into age segments, 
the effect of ring width was nonsignificant. Wide rings 
over 7inm. in width normally occurred in the early juvenile 
stages of tree growth but rings exceeding 6mm. in older 
growth were infrequent. The wide rings of juvenile wood 
were low in specific gravity; however, when wide rings 
occurred in older growth, they were generally higher in 
summerwood per cent and specific gravity as a result of the 
inherent increase due to age.
Site, crown class, geographic location, growth rate, 
per cent summerwood, and age were measured and correlated 
with specific gravity using multiple regression analysis 
(McKimmy, 1959). The results showed that age had a much 
greater effect on specific gravity than any of the other 
variables. However, McKimmy believed that, although 
specific gravity did increase with age, age was not clearly
-Ir­
responsible for the increase and it did not appear to be as 
significant an influence on specific gravity as suggested 
by Turnbull. Spurr and Hsiung (195^) also found a highly 
significant effect of age on specific gravity but found no 
correlation between specific gravity and ring width. They 
recognized that the increase in specific gravity with dis­
tance from the pith was confounded between age and hori­
zontal position within the tree and suggested additional 
investigation in this area.
Wellwood and Smith (1962) found a significant 
decrease in specific gravity when growth rate increased in 
young-growth Douglas-fir. This relationship, however, 
became less apparent in more advanced age classes (over 70 
years). In stands where there was a high increase in 
growth rate, there was little change in specific gravity.
A significant increase in the specific gravity of 
loblolly pine was observed by Yandle (1956) as radial dis­
tance from the pith increased. He also showed that although 
decreasing ring width accounted for some of the increase, 
ring width did not nearly account for the total increase. 
Therefore, he concluded that some factors related to age 
cause increased specific gravity with increasing age.
Environmental factors. A tree produces maximum 
possible growth for the conditions under which it is grow­
ing. Specific gravity is generally thought to be influ­
enced, to a degree, by duration of seasonal growth and/or
-14-
rate of growth. Duration and rate of growth are regulated, 
not by the tree, but by the environment in which the tree 
is growing. Therefore environmental factors such as site, 
geographic location, stand density, and position within the 
stand must be considered when attempting to control specific 
gravity.
While studying plantation grown red pine, Jayne 
(1958) found that stand density had only a minor effect on 
specific gravity but that site had a definite influence.
The evidence that trees on a poor site had a higher spe­
cific gravity than trees on a better site was supported by 
the results of the analysis of variance. This general 
relationship was also found by Paul (1950), Wilde, et al. 
(1951), Wellwood (1952, I960), and Barefoot (1963).
Larson (1957), after finding that summerwood per­
centage was strongly correlated with specific gravity, 
analyzed slash pine * s summerwood variation by geographic 
location, soil, and precipitation. Summerwood percentage 
increased within the slash pine range from west to east 
and north to south. The only stand variables that could 
account for this between-plot variation was the moisture- 
holding capacity of the soil. The lowest summerwood per­
centage occurred on the good sites or ones with high 
moisture-holding capacity. The highest per cent summerwood 
occurred with increasing June-July precipitation and 
decreased with increasing January-February precipitation. 
Correspondingly, Mitchell (1964) found that specific gravity
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varied with geographic location in southern pines. There 
was a strong trend of increasing specific gravity from 
northwest to southeast. He pointed out that this could be 
due to several factors: soil, rainfall, length of growing
season, mean temperature, etc., but particularly noted the 
connection of specific gravity and warm-season rainfall; 
warm-season rainfall also increased from northwest to 
southeast.
Ponderosa pine from different geographic locations 
was studied by Drow, et (1957) * Average specific
gravity of wood from the Black Hills of South Dakota was 
compared to that grown in other parts of the country. He 
found that the specific gravity of ponderosa pine from the 
Black Hills was greater than that from Arizona, Montana, 
and California, equal to that from Colorado, and lower than 
that from Washington. This geographic grouping by use of 
specific gravity differences generally corresponds to 
genetic difference in ponderosa pine from these areas 
(Wells, 1964).
The crown position of a tree within a stand affects
ogrowth rate and specific gravity. Burger (1929) and Paul 
(1958) noted that dominant trees had the lowest specific 
gravity, but suppressed trees did not have the highest spe­
cific gravity. Paul observed that dominant shortleaf pine 
trees had a lower specific gravity and a fewer number of
%aul, 1965
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rings per inch than co-dominant trees. A thinning which 
released the co-dominant tree caused an accelerated growth 
rate (55 per cent) and an increased specific gravity (4 per 
cent). Therefore $ specific gravity was greater in the 
CO-dominant trees before and after release.
Position in the tree. The effect of position within 
the tree on specific gravity involves two directions, verti­
cal and horizontal. The effect of radial or horizontal 
growth on specific gravity was included in the discussion 
of age; therefore, vertical position or tree height will be 
the present topic of consideration.
The generally accepted relationship is that specific 
gravity decreases as height in the tree increases (Cockrell, 
1944; Paul, 1957a, 1957b, 1958; Zobel and McElwee, 1958; 
Wellwood, I960; Tackle, 1962). The relationship of height 
to specific gravity in ponderosa pine was plotted as a 
curve by Conway and Minor (1961) for Arizona grown ponderosa 
pine. (Figure 1).
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Figure 1 Relationship of tree height to specific gravity 
in ponderosa pine
The relationships between specific gravity and 
summerwood, growth rate, age, and environment are not 
thoroughly understood. Paul (1965), after a thorough 
review of the literature, gives an explicit summation 
concerning these relationships;
To sum up the foregoing assumptions, results, con­
clusions, and recommendations, it appears that forma­
tion of wood is one of the most complex physiological 
processes of nature and that the many factors involved 
act sometimes in harmony, sometimes in opposition. 
Furthermore, the relative effects of these factors are 
for the most part only inaccurately measureable and, 
as a result, that which sometimes appears under one condition as a significant correlation may under other 
circumstances prove valueless. In other words, the 
basic physiology of wood formation is not fully under­
stood.
PROCEDURES
During the summer and early fall of 1964, thirty 
trees growing on the southwest exposure of the same hill­
side were studied. The trees selected were on the contour 
and the horizontal distance between the extremes was 350 
yards. The only criteria for selection was that the tree 
was reasonably vertical in growth and had good form. The 
slope ranges from nearly zero for one sample location to 
about 30 per cent for several. The Lubrecht Series is the 
soil classification. Elevation for the area is 4,430 feet.
Rings per inch, compression wood amount, specific 
gravity, and per cent summerwood determinations were made 
at breast height for each tree. Each tree measurement was 
made before and after the point of release to show the 
influence of an increased rate of radial growth. The total 
amount of basal area growing within 40 links of the sample 
tree was determined before and after the time of cutting. 
This was done to see if changes in rings per inch, compres­
sion wood amount, and per cent summerwood were correlated 
with changes in surrounding basal area.
Field
The field procedure for determination of specific 
gravity, rings per inch, and compression wood involved the 
felling of each sample tree and the removal of a disk
—18—
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approximately one-inch thick at breast height. The number 
of the tree $ the aspect, and the direction of true north 
was marked on the disk (Figure 2); the tree number was also 
indicated on the stump.
The field work necessary for laboratory determina­
tion of per cent summerwood was the extraction of an incre­
ment core at three points equal distance around the tree. 
Each boring was made at breast height with a 12mm. increment 
borer; an increment borer starter was necessary. Each 
increment core was placed in a metal container which was 
made from electrical conduit tubing; rubber corks were used 
for the ends. The container was then labeled for tree and 
core and placed in a canvas bag for transportation to the 
laboratory.
The diameter of each tree and stump within 40 links
of the sample tree was measured. This was done so that
basal area within the circle could be determined before and 
after the 1933 harvest cut. Diameter at breast height was 
obtained by using a diameter tape for the existing trees, 
breast height diameter for stumps was estimated from their 
present diameter.
Laboratory
After returning from the field, disks were placed in
metal drums which were filled with a solution of water and
zephrin chloride (17 per cent zephrin at a 1:12^0 ratio). 
This was done to control checking and stain and, also, to
B
I
Figure 2 Outlined compression wood area containing darker wood and the blocks outlined for specific gravity 
determination (A=wood before release, B=wood 
after release). The dotted arrow indicates 
aspect while the solid arrow indicates true north
— 20 ”
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avoid a possible volume effect of an open end historesis 
loop. These disks were used for the determination of com­
pression wood, rings per inch, volume, and specific gravity 
before and after the point of increased growth rate *
Compression wood. Determination of compression wood 
for each disk was necessary before the other quality 
measurements were made. Rings per inch, specific gravity, 
and per cent summerwood measurements were all made in com­
pression wood free areas of the tree « This was to avoid 
the abnormal effect of compression wood*
Compression wood was visually determined by the 
characteristically dark reddish color and indistinct 
springwood-summerwood transition in the fastest growing 
portion of eccentric annual rings. The compression wood 
area was outlined with permanent black ink (Figure 2).
The three increment cores which were extracted from each 
tree for eventual summerwood determination were placed on 
the disk bearing their number. Cores which fell into the 
outlined compression wood area were not used for the 
summerwood determination. Measurements of specific gravity 
and rings per inch were made in areas of the disk that 
lacked compression wood.
RinKS per inch. Rings per inch before and after 
radial growth rate increase were counted to determine the 
extent of release on growth increase. Disks were sanded 
and rings per inch were determined by counting the
— 22—
summerwood bands» A five power stand type magnifying glass 
was used. The determination was made for the inch preceed- 
ing visual growth increase and for the wood formed after 
this time until 1963o
Total age of the tree was also determined. The 
number of years required for the tree to reach breast 
height was not added to the total age because this increase 
was small in relation to total tree age.
Volume. An attempt was made to determine the amount 
of compression wood-free volume increase after the 1933 
cutting. The purpose of doing this was to provide a better 
guideline for management. This should be based on normal 
and usable wood volume.
The volumes of the inner circle (growth put on 
before release) and the entire disk were determined by 
measuring their diameters and using a table for volume 
(square inches) from diameter (Chapman and Meyer, 19^9)o 
The subtraction of the smaller from the larger volume gave 
the total volume since visual growth increase. Volume of 
compression wood was determined with an acetate grid. The 
amount of compression wood-free volume since visual growth 
increase was found by subtracting compression wood volume 
from total volume »
The rate of growth prior to release was projected to 
the present. For example, if the rings per inch before 
increase was 30, and if the visual growth increase occurred
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in 1933, then the amount of radial growth over this period 
would have been one inch (1963-1933=30)o This would 
increase the diameter of the circle by two inches. The 
volume of this circle was determined; then, by subtracting 
the volume of the smaller circle from the projected circle, 
total projected volume was obtained. If compression wood 
was present, it was also projected to the present and the 
volume subtracted from total volume to get that which was 
normal or compression wood free. One can now compare the 
compression wood-free volume due to accelerated growth to 
the projected volume. The total increase in compression 
wood-free volume is obtained by subtracting the two. A 
comparison was also made between compression wood volume 
of growth since release and projected compression wood 
volume «
Specific gravity. Growth before and after release 
was tested to determine if there was a change in specific 
gravity. Blocks were removed from the disk at three 
different points around the disk (Figure 2). At each of 
the three points, two blocks were extracted. One was from 
the radial inch before increased growth rate (approximately 
1x1x1 inches) and the other was from the wood since increase 
(approximately 1x1x2 inches). Cutting was done with a jig­
saw and wood chisel «,
Specific gravity of the wood was based upon volume 
at fiber saturation or green volume (U.S. Forest Service,
— 2A-—
1956). The blocks were held submerged in water so that 
green volume was maintained.
The volume of each specimen was determined by the 
water immersion method. The volume of an irregular, as 
well as regular, shaped objects may be found by immersing 
it in water and weighing the water it displaces. This 
weight in grams is assumed to be numerically equal to the 
volume of the object in cubic centimeters.
A precision balance was used for weighing. The 
weight of a container which was partially filled with dis­
tilled water was tared from the balance until it again read 
zero. By means of a dissecting needle, the wooden block 
was lowered into the water until it was entirely submerged 
and was not touching the sides of the container (Appendix, 
Figure 1). The weight of the water displaced by the block 
was then read directly from the balance.
The block was then placed in an oven at 105° C (plus 
or minus 2° C) for 48 hours to attain oven dry weight. The 
block was weighed immediately after removal from the oven. 
Specific gravity was then calculated by using the formula;
specific gravity = oven dry weight (grams)_________
green volume (cubic centimeters)
Measurements and calculations were made to the nearest one 
thousandth.
The internal structure of the wood was microscopi­
cally studied to support, or reject, the gross visual
— 25“
Judgment of compression wood. At random, fifteen blocks 
which were used for specific gravity determination were 
selected. From each of these blocks a small block was cut. 
This block was not larger than 3/8 x 5/8 x 1/2 inches and 
was cut in such a manner that the square face of one side 
presented a cross section.
Each specimen was then placed in a small vial con­
taining a glycerin-alcoho1 solution (50-50 per cent). The 
vials were placed in a vacuum chamber until the wood speci­
mens ceased to float. The vials were then removed from the 
chamber and stored with the wood in replenished glycerin- 
alcohol solution for 7 days.
Sections were then cut from each specimen by using 
a sliding microtome. The sections were placed in watch 
glasses and rinsed with distilled water to remove the 
alcohol and glycerin. The staining schedule was based on 
"Heidenhain*s Iron Hematoxylin" schedule (Johansen, 1940). 
Watch glasses were prepared for each step (Appendix, Table 
II). After staining, the sections were mounted on slides 
and placed on the drying oven to harden the mounting medium.
The criteria used for determining compression wood 
microscopically was based on the description given by Pan­
shin, et (1964). In the cross sectional view, compres­
sion wood tracheids exhibit several distinct characteristics. 
First, the tracheids are rounded in outline, this is in 
contrast to the angular form of normal tracheids; this
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feature is most evident in summerwood. Second, inter­
cellular spaces are characteristically present between 
adjoining tracheids» Third, the thickness of the tracheid 
wall in springwood is approximately twice as great as in 
normal tracheids while there is little difference between 
tracheid wall thickness in the summerwood. Fourth, pro­
nounced radial wall checks are present in the rounded 
compression wood tracheids «
Per cent summerwood. Radial growth before and after 
release was tested to determine if there was a change in 
per cent summerwood. All compression wood-free increment 
cores were taken to the University of Idaho to use their 
apparatus for per cent summerwood determination. The cores 
were placed in water and slowly boiled to bring them back 
to the point of fiber saturation. Each core was then 
placed in a cutting jig with the grain of the core in a 
vertical position. A surface not more than 5/8" wide was 
cut along its complete length with a microtome blade. This 
was done in a continuous, peeling action so as to insure a 
clean, smooth cut. The core was partially dried so that it 
would not fog the microscope lens. The core then was 
placed in a spring-held carriage device which traversed 
under a microscope.
The procedure for determining ring and summerwood 
width was the placing of the microscope®s cross-hair at the 
first cells of summerwood and recording the position of the
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carriage o The carriage was then moved forward "until spring- 
wood cells were encountered. The point of snmmerwood- 
springwood transition was determined by Mork* s (1928)^ defi­
nition which reads :
All tracheids in which the common wall between two cavities multiplied by 2 is equal to or greater than 
the width of the l"umen are considered as summerwood; 
those in which this value is less than the width of a lumen are considered as springwood (all measurements 
being made in the radial direction)o
This position of the carriage was recorded. The carriage 
was then moved to the readily determined transition line 
between summerwood and springwood of different years. This 
process is continued until the desired distance has been 
traversed. From this $ the total distance and the total 
summerwood distance can be obtained; thus, per cent summer­
wood is readily calculated.
Basal area factor. The field data collected con­
cerning the diameter of stumps and trees within 4-0 links 
was converted to square feet basal area (Chapman and Meyer, 
194-9) . The square feet of basal area before the 1955 cut­
ting minus the square feet of basal area after the cutting 
divided by the basal area before equals the basal area 
factor.
basal area factor =
sq. ft. basal area before - sq. ft. basal area after
sq. ft. basal area before
This factor is used as an independent variable in a
^Howe, 1961
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regression analysis having rings per inch, per cent com­
pression wood, and per cent summerwood as dependent vari­
ables *
The diameter of the existing trees at the time of 
the cutting was calculated by reducing their present diam­
eter a number of inches comparable to the rate of growth 
since release of the sample tree * For example, if the 
sample tree averaged 10 rings per inch since 1933 and the 
present diameter of a particular tree is 28 inches, the 
1933 diameter was tallied as 22 inches (1965-1933 = 30,
50 + 1 0  =5» 5 x 2 = 6  inches)o
Limitations. Even though much of the history of the 
stand can be deduced, the fact that this must be done is a 
limitation. This becomes evident in determining the basal 
area at the time of the 1953 cutting. Determination of 
diameter of stumps at breast height involves a notable 
amount of personal judgment. In some instances the stumps 
exhibit considerable deterioration, in these cases one must 
make an estimate of what is believed to have been its orig­
inal diameter. In all cases height of the stump must be 
visually projected to obtain breast height diameter. This 
becomes an especially difficult task if the stump was cut 
low and one must account for butt swello
A similar situation involves the determination of 
the 1933 diameter of existing trees (not sample trees).
This measurement was calculated by using the average number
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of rings per inch for the sample treeo This gives a good, 
but not exact, estimate of the 1935 diameter.
Also, because of the stand's natural origin, vari­
ables such as age, spacing, and genetics, which could 
otherwise be somewhat controlled, contribute considerable 
variation to the study.
Analysis of data. The statistical framework for 
testing the change in specific gravity, per cent summerwood, 
and rings per inch is based on a simple, two-way classifica­
tion analysis of variance. The null hypotheses are : There
is not a significant change in specific gravity with an 
increase in radial growth rate; there is not a significant 
change in per cent summerwood with an increase in radial 
growth rate; and there is not a significant change in rings 
per inch with an increase in radial growth rate. The 
hypotheses are rejected if the "F" test is significant.
The null hypothesis that there is not a significant change 
in compression wood amount with an increase in radial 
growth rate was also formulated; however, no statistical 
analysis was applied.
A five factor regression analysis was used to test 
the influence of a change in rings per inch, per cent com­
pression wood, and per cent summerwood. The regression 
equation is:
Yi = a + + b^x^ + b^x^ + b^x^ + b^x^
OR
— $ 0 —
^1’ ^2’ ^3 ~  Vi + bg Vi  ̂b^ Vi + b^ Bb + b^ Age
di^
dependent variables
= rings per inch
Y^ = per cent compression wood
Y^ = per cent summerwood
independent variables
a = zero, regression line forced through origin 
Bb = basal area before 1953 thinning Ba = basal area after 1933 thinning 
di = radius of the circle Vi - Bb - Ba 
Bb
Age = age of sample tree
b^, bg, b^, b^, b^ = regression coefficients
The hypothesis is that these data are linear and additive.
An "F" test is used to determine if the correlation coeffi­
cient is significantly different than zero * The hypothesis 
is accepted if the "F" value is significant. A second 
hypothesis is that the regression coefficient for each var­
iable is significantly different than zero* A "t" test is 
used to determine significance. The hypothesis is accepted 
if the "t" value is significant.
RESULTS ARD DISCUSSION
Results
There was a distinct increase in radial growth rate 
after the 1955 release cutting (Figure 3)« Ring width of 
the sample trees averaged 0,05 inch (55 rings per inch) for 
the inch prior to release and accelerated to Go08 inch (12 
rings per inch) for the years after release (Table 1)»
This was an increase of 62.5 per cent. These data were 
found to be significantly different before and after the 
release cutting (between treatments) but not between trees 
when tested by the analysis of variance (Appendix, Table 
111).
The volume of wood since 1955 was determined for 
each disk and was compared to the projected volume or the 
volume which would have resulted if no growth increase had 
occurred. The comparison of these two volumes revealed a 
volume increase of 65*29 per cent after release. However, 
after the subtraction of compression wood volume, the 
increase was 51*72 per cent (Table 11). Projected growth 
had an average of 5*51 per cent compression wood, while the 
growth after release had 25*55 per cent compression wood 
with only one tree being compression wood free.
Microscopic study of the wooden blocks used in the 
specific gravity tests vindicated the visual judgment of 
compression wood. In none of the blocks, which were
- 31"
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Figure 3Old aged ponderosa pine showing marked radial growth 
increase after release «
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ta bl e I
RINGS PER INCH, SPECIFIC GRAVITY, AND PER CENT SUMMERWOOD
FOR INDIVIDUAL TREES SAMPLED
TreeNum­
ber .Rings :Per Inch SpecificGravity
Per Cent 
Summerwood
Before
Release
After
Release
Before
Release
After
Release
Before
Release
After
Release
1 57.7 12.3 .435 .475 17.56 34.482 20.3 9.8 .401 .448 15.56 24.875 49.7 11.9 .438 .466 14.01 27.384 44.3 9.5 .426 .441 14.83 23.835 44.0 15.9 .404 .464 11.17 20.166 36.3 14.1 .401 .404 13.66 29.68
7 37.0 15.5 .464 .468 17.64 24.308 48.0 13.8 .394 .426 14.27 26.94
9 47.0 12.8 .410 .437 14.81 21.7110 24.7 6.9 .413 ,417 13.32 23.0311 39.0 8.4 .397 .399 14.68 21.9112 30.0 10.7 .430 .463 14.21 23.09
15 31.0 16.3 .475 .496 24.01 35.2814 20.3 10.2 .490 .438 18.48 18.46
15 43.3 13.2 .413 .467 13.48 29.0316 32.0 14.3 .439 .433 13.61 19.82
17 49.7 10.9 .318 .527 19.35 32.6718 22.0 14.1 .344 .359 11.17 17.43
19 20.7 10.2 .443 .437 17.19 23.4820 27.0 12.6 .417 .440 11.61 23.29
21 24.3 11.3 .443 .463 21.17 28.1322 23.7 12.9 .397 .421 15.58 27.26
23 22.0 13.2 .443 .461 21.42 31.2024 28.0 12.9 .431 .478 18.69 24.28
25 26.0 11.6 .406 .571 13.42 22.4326 26.7 11.6 .395 .403 14.95 23.2227 38.0 15.5 .404 .446 16.21 26.3928 31.0 14.1 .381 .390 12.30 19.29
29 31.7 12.9 .381 .388 20.21 19.2250 43.0 17.1 .403 .419 16.91 21.39
Average 55.42 12.36 .424 .437 16.06 24.86
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TABLE II
COMPRESSION WOOD COMPARISON FOR THE SAMPLED TREES
Disk Volume - Actual and Projected (square1 inches)
Tree Projected Increase Actual IncreaseComp.
Wood
Normal
Wood Total
Comp.
Wood
Normal
Wood Total
1 28.65 28.65 17.52 61.65 79.172 19.4-8 57.20 76.68 27.08 101.50 128.58
3 25.26 25.26 31.72 76.59 109.114 50.94 30.94 15.92 165.51 181.25
3 50.15 30.13 17.64 71.30 88.946 51.67 31.67 27.12 64.58 91.70
7 33.68 53.68 20.88 48.02 68.908 25.07 25.07 28.80 55.76 84.56
9 27.88 27.88 54.00 53.00 87.8010 32.45 32.45 17.92 150.54 148.4611 29.10 29.10 7.04 150.56 157.60
12 11.56 32.05 45.41 85.24 82.97 166.21
13 8.12 32.52 40.44 58.52 68.44 126.9614 4.57 24.04 28.41 35.88 35.86 71.74
15 28.82 28.82 26.64 73.50 100.1416 41.95 41.95 57.88 70.62 108.50
17 18.47 18.47 29.56 71.38 100.9418 67.22 67.22 50.50 92.28 142.78
19 69.47 69.47 21.56 145.84 167.2020 45.89 45.89 8.00 118.67 126.6721 7.00 40.50 47.50 21.69 84.91 106.6022 60.52 60.52 38.52 82.00 120.52
25 60.70 60.70 55.56 50.10 85.6624 38.70 58.70 27.32 69.27 96.59
25 54.69 54.69 92.88 92.8826 9.24 41.21 50.45 50.64 75.07 105.71
27 51.92 51.92 29.45 58,41 67.8628 36.56 56.56 18.64 69.76 88.40
29 41.04 41.04 55.64 40.00 95.6430 25.73 25.73 11.52 45.02 54.54
Average 1.51 37.39 39.54 50.29 77.45 107.72
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selected from areas that were compression wood free accord­
ing to visual determination, did study of the cell morphol­
ogy indicate the presence of compression wood.
Specific gravity tests for radial growth before and 
after the time of marked growth increase was found to be 
5 per cent higher after increase (Table I). This change in 
specific gravity was statistically tested by the analysis 
of variance. A significant difference was revealed between 
trees and between treatments (Appendix, Table IV). One of 
the assumptions of the analysis of variance was satisfied 
by using Bartlett's test for homogeneity of variance 
(Appendix, Table V).
Per cent summerwood was determined on radial growth 
before and after the point of growth response. An 8.8 per 
cent increase occurred after growth increase (Table I).
This change in summerwood percentage was found statistically 
significant between treatments but not between trees when 
tested by analysis of variance (Appendix, Table VI).
The correlation of basal area removed, distance of 
the trees cut from the sample tree, basal area before 
release, and age of the sample tree with changes in rings 
per inch, per cent compression wood, and per cent summer­
wood was analyzed by regression analysis (Table III). The 
regression formula was found to be significantly correlated 
with the three dependent variables. However, the only sig­
nificant partial coefficient was age. The regression
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coefficients were tested for significance by using a "t“
2test; the R values were tested using a "F" test.
TABLE III
REGRESSION OF RINGS PER INCH, PER CENT COMPRESSION WOOD, AND PER CENT SUMMERWOOD ON VARIABLES
dependent coefficients of independent variables
variables b g ^  b b^Bb b^Age
^1 NS NS NS NS * * (.88)
^2 NS NS NS NS * * (.85)
^3 NS NS NS NS
* • (.90)
* = significant (at 5 per cent level)
NS = nonsignificant
= independent variables Vi, — 2» Bb, Age
= rings per inch
^2 = per cent compression wood
Y^ = per cent summerwood
bi, b2, b^, b^, bç = regression coefficients
Vi = Bb - Ba 
Bbdi = radius of the circle (40 links)
Age = age of the sample tree
Bb = basal area within circle before 1933
Ba = basal area within circle after 1935
Discussion
An increase in radial growth rate after release 
would be expected but an increase of over 60 per cent in 
old, suppressed trees is notable. However, one must use 
reservation when determining the value of this increase.
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Compression wood is undesirable for most known commercial 
uses. Therefore, its presence after release is quite sig­
nificant and the fact that the volume of normal wood 
increased over 50 per cent may be misleading. If a log is 
used without regard for compression wood, the quality of 
the resulting product is reduced or, if compression wood is 
noted and removed before being incorporated into a product, 
an additional cost has been introduced and operational 
efficiency is reduced.
The significant increase in specific gravity accom­
panied by an increased growth rate is in disagreement with 
the generally accepted opinion that growth rate controls 
specific gravity and suggests that another factor, or com­
bination of factors, cause specific gravity variation. The 
belief that wide rings in conifers yield low specific 
gravity and narrow rings high seems to have been based upon 
little more than the observation that early growth had wide 
rings and low specific gravity while older growth had 
narrower rings and a higher specific gravity. This apparent 
effect of ring width results from failure to recognize any 
inherent increase in specific gravity with age (Larson,
1957; Smith, 1962).
The assumption is not justified that specific gravity 
of wood from increased growth after release was higher than 
at any time prior to the release. The comparison was made 
for the last inch before growth increase which, in most
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cases, was highly suppressed. Extremely slow growth has 
been found to be low in specific gravity (Panshin, et , 
1964). Therefore, the increase in specific gravity may 
have resulted from growth suppression, and if a comparison 
was made between growth after 1953 and earlier growth which 
was formed at more favorable rate, the increase in specific 
gravity may not have resulted. Comparisons between age 
classes from pith to bark to afford a better understanding 
of growth rate and specific gravity relationships are sug­
gested for future studies.
As with specific gravity, an increase in per cent 
summerwood is not generally expected to accompany a growth 
rate increase. However, based on the findings of others 
(Paul, 1930; Pillow, 1932, 1934; Smith, 1933» 1936; McKimmy, 
1939) and a knowledge of cell morphology, an increase in 
per cent summerwood would be expected to accompany a spe­
cific gravity increase. Hence, the increase in per cent 
summerwood serves as a verification of the specific gravity 
results.
The amount of summerwood that occurs in any given 
growing season depends upon the time of initiation, the 
duration, and the rate of summerwood growth. The per cent 
summerwood which would occur during a growing season would 
depend on these three factors plus their effect on spring­
wood. Hence, because of the dependency upon this combina­
tion of factors, actual cause and effect relationships
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concerning summerwood per cent are difficult to demonstrate. 
An indirect cause of increased summerwood percentage after 
thinning, however, may be seen by studying the stand con­
dition.
The stand before time of cutting evidently was fully 
stocked and overmature. Competition for moisture during 
the summer was intense with summerwood growth being only 
one cell wide in some instances. Moisture was more readily 
available in the spring due to snow run-off and higher 
rainfall; hence, competition for moisture did not so 
greatly influence spring growth and the growth decline was 
proportionately less. This situation probably resulted in 
a decline of summer growth for all trees, but particularly 
trees in the co-dominant and intermediate crown classes.
The cutting operation was assumed to have primarily 
removed dominant trees. Therefore the remaining co-dominant 
and intermediate trees were released. The increase in 
growth which resulted took place in the form of springwood 
and summerwood but a larger proportion was summerwood.
This summerwood increase could have been caused by an 
extension of the duration of summerwood growth, an increase 
in rate of summerwood growth, or some phenomenon which reg­
ulates summerwood initiation; nevertheless, it seems reason­
able to assume that increased available moisture due to 
thinning was closely related.
Considering trees of this age (100 to 200 years) and
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species which were released at this intensity (49«58%)» age 
apparently has a very strong effect on the variation of 
rings per inch, per cent compression wood, and per cent 
snmmerwood. The nonsignificance of basal area removed can 
be interpreted to mean that maiximum response is attained at 
a thinning intensity of at most 50 per cent; that is, 
increasing intensity above some value has no significant 
effect on the number of rings per inch, per cent compres­
sion wood, and per cent summerwood# A hypothesized curve 
might best illustrate the relationship# It is important to 
note that the leveling off point is not necessarily at 50
25% 50% 75%
basal area removed
per cent but could be considerably less. A similar curve 
could be drawn using compression wood and summerwood per­
centages as the dependent variables #
A decreasing marginal return appears to exist between 
thinning and growth rate. As thinning intensity increases, 
growth rate increases at a decreasing rate until the point 
is reached where additional thinning produces no significant 
growth rate increase. This relationship is very interesting
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and more research in this area is suggested.
Man* s ability to control the forest environment 
can exert great influence on wood quality. The effect of 
thinning and pruning upon the tree at the time of spring­
wood-summerwood changeover was studied by Zahner and 
Oliver (1962) in young red and jack pine (Pinus banksiana, 
Lambert) in Michigan. In all trees released by thinning, 
summerwood initiation occurred about two weeks later than 
in unthinned stands. Trees which were pruned exhibited a 
changeover delay of about one week. The effect of thin­
ning and fertilization on 30-year-old Douglas-fir was 
studied by Erickson and Lambert (1958). Growth rate 
increased in the fertilized-thinned stand while specific 
gravity and summerwood per cent decreased. The same rela­
tionship existed when a stand was fertilized, but to a 
lesser degree. However, in the thinned plot, no signifi­
cant change occurred in specific gravity and per cent 
summerwood. Growth-summerwood relationships were studied 
by Paul and Marts (195^) in the southern yellow pines.
Using water and fertilizers as stimuli, they found that 
trees gave distinct evidence of increased summerwood per­
centage when water was regularly supplied throughout the 
growing season. Application of fertilizers increased 
summerwood but this increase was to a lesser degree than 
was the springwood increase. These results, and the find­
ings of this thesis study, support Paul (1950) who suggested
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a close relationship between water supply and summerwood 
per cent.
Although this study of growth and quality has been 
conducted on a limited number of trees, it reemphasizes the 
paramount importance for the practice of forest management 
in the Northern Rocky Mountains. The effect of a selection 
cut on the volume, specific gravity, and compression wood 
amount of remaining old age ponderosa pine could be 
moment ous•
Many of the timber stands in Montana are composed of 
old age ponderosa pine. Hence, if old age but healthy trees 
which are highly suppressed and occupy the intermediate and 
CO-dominant stand do respond with tremendous growth increase, 
many of our present thinning and harvesting methods might 
be revised. Furthermore, many of the timber products of
this area desire woods of high specific gravity; hence, an
increase in specific gravity in wood of suppressed trees 
which have been released could be extremely important.
The pulp industry would afford a good example of the
magnitude of this importance. The part of a tree which is
used for pulp is the cell wall substance. The amount of 
cell wall material or cellulose which is in a tree is 
reflected by a high or low specific gravity. Therefore, if 
the average specific gravity of trees growing on an acre of 
ground is increased, then the production of cellulose 
material has increased. This increase could be of consid­
erable magnitude.
- 4 - 3 -
The increase in compression wood per cent is not as 
encouraging. However, if a stand were released more uni­
formly, considering the stand which will remain after har­
vest, the amount of compression wood could probably be 
reduced. The intensity of the cutting operation is another 
factor which should be considered. This study showed that, 
after a point, increased intensity does little to influence 
growth rate and per cent summerwood. Therefore, perhaps the 
same results could be attained using a lower intensity cut 
and, at the same time, providing protection for the remain­
ing trees from wind and, thus, reducing compression wood 
formation.
SUMMARY ARD CONCLUSIONS
1. Diameter growth of ponderosa pine on the 
Luhrecht Experimental Forest, Montana State University, 
Missoula, Montana, accelerated greatly when 150-year-old 
trees were released by partial cutting (’’loggers selec­
tion") of the stand.
2. Specific gravity of the wood formed at breast 
height before and after release changed significantly; that 
wood formed after release increased in specific gravity 
when compared to wood immediately preceeding release.
3* Per cent summerwood showed a significant change 
after release. The wood formed after release increased in 
summerwood percentage when compared to wood immediately 
preceeding release.
4. Compression wood increased after release. This 
increase, however, did not nearly account for the total 
increase in volume after release.
3. A regression analysis containing basal area 
removed, basal area before release, and age as independent 
variables was significantly correlated with rings per inch, 
per cent compression wood, and per cent summerwood. At the 
high cutting intensity studied, the only significant par­
tial coefficient, however, was age.
Important forest management implications resulted 
from the changes in growth rate and specific gravity when
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intermediate and co-dominant trees were released. This 
indicates that the resulting wood is of a higher quality 
after release, however, it is suggested that more attention 
be given to the condition of the stand and trees after a 
harvest cut.
The results of this study are, in part, contrary to 
what is generally believed. Perhaps the one most important 
outcome is the revelation of a deficiency of knowledge con­
cerning growth-quality relationships of trees, particularly 
in the Northern Pocky Mountains. Therefore, it is suggested 
that future studies be conducted involving the interplay of 
the forest complex with tree morphology.
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APPENDIX
APPENDIX
FIGURE 1
METHOD FOR DETERMINING THE WEIGHT 
OF AN EQUAL VOLUME OF WATER
dissecting needle
wood block
water
beaker
automatic balance
O
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t a bl e I
AGE CLASS DISTRIBUTION OF SAMPLE TREES
Age Class (years) Number of Trees
111 120 2121 — 130 2
131 — 140 6141 — 150 0
151 — 160 0161 — 170 0
171 — 180 1181 — 190 1
191 — 200 2201 — 210 4211 — 220 4221 — 230 7
231 240 1
Youngest tree = 114 years 
Oldest tree = 255 years
TABLE II
HEIDENHAIN*S IRON HEMATOXYLIN SCHEDULE
Solution
1. 5 per cent iron alum mordant2. distilled water3. equal volumes of distilled water
and 0.5 per cent aqueous 
hematoxylin
4. distilled water5. 3 per cent iron alum mordant6. distilled water7. distilled water8. equal volumes of distilled water
and 2 per cent alcoholic
safranin9. 95 per cent alcohol10. tertiary butyl alcohol11. xylene
Time
2 min. 2 min.
5 min.2 min.
until adequately destained 2 min.2 min.
5 min.until adequately destained 2 min.2 min.
-55-
t a bl e III
ANALYSIS OF VARIANCE BY TREES AND 
TREATMENTS - RINGS PER INCH
category df
sum of 
squares
mean
square Fs Fo5
signif­
icant
total 59 9,471.22
trees 29 1,560.52 55.81 .70 4.18 NS
treatmts• 1 5,692.06 5,692.06 74.41 4.18 *
trees x treatmts* 29 2,218.64 76.50
*
NS
= significant (at 5 per 
= nonsignificant
cent level)
TABLE IV
ANALYSIS OF 
TREATMENTS
VARIANCE BY TREES AND 
, - SPECIFIC GRAVITY
category df
sum of 
squares
mean
square Fs Fo5
signif­
icant
total 59 .08471
trees 29 .075058 .002519 8.596 4.18 *
treatmts. 1 .002954 .002954 9.846 4.18 *
trees x treatmts. 29 .00870 .0005
* = significant (at 5 per cent level)
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t a b l e V
TEST OF THE HOMOGENEITY OF VARIANCES
class df log (n-l)log l/(n~l)
before 29 5.4194 .1869 -1.26114 56.5731 .0545
after 29 5.7877 .1996 -1.29061 57.4146 .0545
Totals 58 11.2071 75.9877 .0690
pooling .1952 -1.28601 74.5886
= 2.5026(74-.9886 - 73.9877)
X^ = 1.5856 (nonsignificant) 
TABLE VI
ANALYSIS OF VARIANCE BY TREES AND 
TREATMENTS - SUMMERWOOD PER CENT
category snm of mean df squares square Fs Fo5
Signif­
icant
total 59 2,067.27
trees 29 661.57 22.81 2.75 4.18 NS
treatmts. 1 1,165.50 1,165.50 158. 98 4.18 *
trees x treatmts• 29 242.60 8.57
* = significant (at 5 per cent level) NS = nonsignificant
